Jan., 1948

SYNTHESIS OF PTEROYLGLUTAMIC ACID 27

[CoNTRIBUTION FROM LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, AND CaLco CHEMICAL
Division, AMERICAN CYaNaMID COMPANY |

Synthesis of Pteroylglutamic Acid. IV
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The structure of pteroylglutamic acid requires
the presence of a methylene group connecting the
pteridine nucleus and N-(p-aminobenzoyl)-glu-
tamic acid. The methods of synthesis previously
reported* have made use of the reaction of a three-
carbon compound between 2,4,5-triamino-6-hy-
droxypyrimidine and N-(p-aminobenzoyl)-glu-
tamic acid, or the alkylation of N-(p-aminoben-
zoyl)-glutamic acid with 2-amino-4-hydroxy-6-
pteridylmethylpyridinium iodide.

This communication deals with the halogena-
tion of 2-amino-4-hydroxy-6-methylpteridine, and
the alkylation of N-(p-aminobenzoyl)-glutamic
acid with the crude halomethylpteridine. It in-
cludes an improved method of synthesis of 2-
amino-4-hydroxy-6-methylpteridine and a de-
scription of the dihydro form of this compound.

The previously described method of preparation
of 2-amino-4-hydroxy-6-methylpteridine® was
difficult to adapt to large scale preparative work.
A more convenient method of preparing this pteri-
dine was found to be by the reduction of 2-amino-
4-hydroxy-6-pteridylmethylpyridinium iodide.4®
The reduction was accomplished by dissolving the
compound in 1 N sodium hydroxide and stirring
with zinc dust. During the reduction the pteri-
dine ring was reduced to a dihydro form which
could be oxidized readily to the aromatic form
with hydrogen peroxide, iodine or potassium per-
manganate. It was proved to be a dihydro form
and not a more highly reduced form by oxidation
to 2-amino-4-hydroxy-6-methylpteridine with the
theoretical amount of potassium permanganate.
This dihydro compound has an ultraviolet absorp-
tion spectrum quite different from the ordinary
aromatic form of the pteridines (Fig. 1).

Several methods of halogenation have been used
with varying degrees of effectiveness. Bromina-
tion was accomplished by heating the 2-amino-4-
hydroxy-6-methylpteridine in a sealed tube with
bromine at temperatures of from 100-150°.
Catalytic amounts of benzoyl peroxide and con-
centrated hydrochloric acid were each tried but
both resulted in lowered yields. The most effec-
tive temperature seemed to be 150°. Bromina-
tion was also accomplished by heating the methyl-
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Fig. 1.—Ultraviolet absorption spectra of 2-amino-4-
hydroxy-6-methyldihydropteridine hydrochloride mono-
hydrate: in 0.1 N sodium hydroxide; - - ---- in
0.1 N hydrochloric acid.
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pteridine in 489, hydrobromic acid and bromine.
Chlorination was effected to a very limited extent
by refluxing the methylpteridine in sulfuryl chlo-
ride and benzoyl peroxide. These crude halo-
genation products then reacted with diethyl N-
(p-aminobenzoyl)-glutamate*® by heating in ethyl-
ene glycol at 100~110°. The products of this con-
densation were then assayed microbiologically
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against S. faecalis R after hydrolysis of the ester
groups.
Experimental

2-Amino-4-hydroxy-6-methyldihydropteridine.—Ten
grams of 2-amino-4-hydroxy-8-pteridylmethylpyridinium
iodide was dissolved in 500 cc. of 1 N sodium hydroxide.
Twenty grams of zinc dust was added and the reaction
mixture was stirred twenty minutes at room temperature.
The excess zinc was filtered out and the solution was
adjusted to pH 2.7 with concentrated hydrochloric acid.
The light yellow precipitate was removed by filtration and
dried; weight was 6 g. This product contained some zinc
oxide. It was purified by dissolving in the minimum
amount of 0.5 N sodium hydroxide, treating with Norite,
and then adding an equal volume of 10 N sodium hydroxide
solution. On cooling, the sodium salt crystallized and
was removed by filtration. The sodium salt was then dis-
sotved in the minimum amount of warm water and enough
concentrated hydrochloric acid was added to make the
solution 0.6 N. The yellow crystalline hydrochloride
separated and was filtered out. For an analytical sample
this purification was repeated once more. The hydro-
chloride crystallizes as a monohydrate, from which water
is not removed by heating at 60° in vacuo.

Anal. Caled. for C;H,ONs-HCI-H:O0: C, 36.05; H,
5.14; N, 30.00. Found: C, 36.20; H, 5.47; N, 30.20.

2-Amino-4-hydroxy-6-methylpteridine.—(a) Two hun-
dred mg. of 2-amino-4-hydroxy-6-methyldihydropteridine
was dissolved in 10 cc. of dilute sodium hydroxide. A
solution of 0.2 M potassium permanganate was added
dropwise at room temperature until a light green color per-
sisted when the manganese dioxide was centrifuged out.
This required 3.7 cc. After discharging the green color
with sodium sulfite, the manganese dioxide was filtered
out and the clear yellow solution was acidified with hydro-
chloric acid. The precipitated product was centrifuged and
washed with water. It was crystallized by dissolving in 6
cc. of dilute sodium hydroxide and adding 6 cc. of 10 N
sodium hydroxide. The crystalline sodium salt was dis-
solved in water and the solution was acidified. The
product was collected and dried. Weight was 130 mg.
The ultraviolet absorption spectrum was identical to that
of authentic samples of 2-amino-4-hydroxy-6-methyl-
pteridine.b

(b) One hundred grams of 2-amino-4-hydroxy-8-pteri-
dylmethylpyridinium iodide was dissolved in 4 liters of 1
N sodium hydroxide and 100 g. of zinc dust was added.
. The mixture was stirred twenty minutes and the excess
zinc was filtered out. Sixteen cc. of 309, hydrogen per-
oxide was added and stirred ten minutes at room tempera-
ture. The solution was then heated on the steam-bath and
treated with Norite. The clarified solution was then
added dropwise to a heated, stirred solution of 600 cc. of
acetic acid in 2 liters of water. After standing overnight
the supernatant liquid was siphoned off and the product
collected on a filter, washed and dried. Weight was32.4g.
This material was pure enotigh for most work but could be
crystallized from 5 N sodium hydroxide as described
above. For an analytical sample the material was crystal-
lized twice from boiling water.

Anal. Caled. for GH;N;O: C, 47.45; H, 3.96; N,
39.6. Found: C,47.40; H,4.32; N, 39.45.

The ultraviolet and infrared absorption spectra were
identical with authentic samples of 2-amino-4-hydroxy-6-
methylpteridine.?

Pteroylglutamic acid.—(a) Two grams of 2-amino-4-
hydroxy-6-methylpteridine was sealed in a glass tube with
2.5 g. of bromine. The tube was heated at 150-155° for
five hours, cooled and opened. The contents were dried
in vacuum over potassium hydroxide for twenty-four
hours and then washed out of the tube with a solution of 1
g. of diethyl N-(p-aminobenzoyl)-glutamate in 100 cc. of
hot ethylene glycol. This mixture was heated one hour at
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100-110°, cooled, and diluted with 300 cc. of ethanol.
The insoluble product was removed by centrifuging,
washed with alcohol and ether, and dried. Weight was
1.76g. After hydrolysis of the ester groups by standing in
0.1 N sodium hydroxide for twelve hours, the crude ma-
terial was shown to contain 149, pteroylglutamic acid by
microbiological assay against S. faecalts R. The active
material was isolated by the method previously described*
and found to be identical with pteroylglutamic acid by
comparison of the microbiological assay, the ultraviolet and
infrared absorption spectra.

(b) Twelve grams of 2-amino-4-hydroxy-6-methyl-
pteridine was suspended in 500 cc. of 489, hydrobromic
acid and 12 cc. of bromine was added. The suspension
was heated on a steam-bath under a reflux condenser with
occasional stirring for five hours. The methylpteridine
was nearly all in solution at this point. After standing
overnight at room temperature, the solution was concen-
trated in vacuum until all the excéss bromine had been
removed. = The solution was then treated with Norite, fil-
tered, and concentrated in vacuum until the product began
to crystallize (30—40 cc.). To this concentrated solution
was added 2.5 liters of cold water which precipitated the
product. It was filtered and dried; weight was 14 g.
One hundred mg. of this material was heated three hours
at 100° with 400 mg. of diethyl N-(p-aminobenzoyl)-gluta-
matein 8cc. of ethylene glycol. The solution wascooled and
diluted with 30 cc. of acetone. The insoluble product was
centrifuged, washed and dried. Weight was 60 mg.
After hydrolysis of the ester groups in 0.1 N sodium
hydroxide at room temperature for twelve hours, the
material was bioassayed with S. faecalis R and found to
contain 14.8%, pteroylglutamic acid.

(c¢) Five hundred mg. of 2-amino-4-hydroxy-6-methyl-
pteridine was suspended in 10 cc. of sulfuryl chioride and a
small amount of benzoyl peroxide was added. The mix-
ture was refluxed five hours, evaporated to dryness and
dry benzene was added and evaporated to dryness again.
One gram of diethyl N-(p-aminobenzoyl)-glutamate in 10
cc. of hot ethylene glycol was added and heated one hour
at 100-110°. The mixture was cooled and diluted with 30
cc. of ethanol and the product centrifuged, washed, and
dried. Weight was 500 mg. This product after hydroly-
sis was shown to contain 0.5~1.09, pteroylglutamic acid by
bioassay against S. faecalis R.
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Summary

A new synthesis of 2-amino-4-hydroxy-6-
methylpteridine is described which includes a de-
scription of the dihydro form of this compound
as an intermediate.

A synthesis of pteroylglutamic acid from 2-
amino-4-hydroxy-6-methylpteridine by halogena-
tion and reaction with diethyl N-(p-aminoben-
zoyl) glutamate is described.
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